Published results have been used to study the relationships between nitrogen retention (NR), body-weight (W) and N intake in the pig. 4. The results also indicated that at low N intakes net protein utilization (N retention+ total obligatory N losses + N intake) was essentially independent of W, whereas the gross efficiency of N utilization (NR -N intake) was influenced by both W and N intake. Protein and energy intakes are fundamental factors determining the productive performance of pigs and whereas the principles underlying energy metabolism and requirements of pigs, and of farm animals in general, are well documented, equivalent information on protein nutrition is scattered or lacking. Recent reviews of the responses of pigs to variation in dietary protein (Agricultural Research Council, 1967 ; Chamberlain, 1972; RCrat, 1972) give the impression of some confusion and this is reflected in conclusions on protein requirements and energy-protein interactions.
Protein and energy intakes are fundamental factors determining the productive performance of pigs and whereas the principles underlying energy metabolism and requirements of pigs, and of farm animals in general, are well documented, equivalent information on protein nutrition is scattered or lacking. Recent reviews of the responses of pigs to variation in dietary protein (Agricultural Research Council, 1967 ;  Chamberlain, 1972; RCrat, 1972) give the impression of some confusion and this is reflected in conclusions on protein requirements and energy-protein interactions.
Thus there is a need for clarification of the principles underlying the protein nutrition of pigs and towards this end we have used published results to study some of the factors which govern the responses of pigs to changes in protein intake. Responses are described in terms of nitrogen retention (NR) measured either by carcass analysis or N balance. Although there are discrepancies between these methods (Duncan, 
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T H E D E T E R M I N A N T S O F N R
W. The lower limit to N R is described by total obligatory N loss and varies with factors such as N status and energy intake (Jacquot & Peret, 1972) . From information relating to a variety of species, including the pig, the relationship between W (kg) and endogenous urinary N loss (q, mg/d) has been described by equation (I) (Brody, 1945) : Y, = 146 Wo'72.
( 1) As a comparison, the relationship derived by re-calculation of FAOjWHO (1973) values for humans is given in equation (2):
Whereas Brody (1945) only considered urinary loss, the FAOjWHO (1973) report recognized that N losses via faeces, skin and miscellaneous routes must also be included in total obligatory losses for animals fed on protein-free diets. Re-calculation of the FAO/WHO (1973) values, including all sources of N loss (I;, mg/d), provides the relationship given in equation (3) :
Although values for W are omitted, the results of Rippcl, Harman, Jensen, Norton & Becker (1965) (Chan & Waterlow, 1966; Calloway & Margen, 1971; Scrimshaw, Davy, Perera & Young, 1976) and lambs (Black & Griffiths, 1975) . Theoretically, in ideal conditions of diet and environment, the upper limit to NR will be determined by genotype and endocrine status. From the results of published experiments which were judged to have few dietary or environmental constraints to the attainment of maximum NR (Manners & McCrea, 1963 ; Oslage & Fliegel, 1964; Fuller, 1965; Wood & Groves, 1965; Elsley, Anderson, McDonald, MacPherson & Smart, 1966; Piatkowski & Jung, 1966; Thorbek, 1969a; Braude, Mitchell, Newport &Porter, 1970; Braude, Newport &Porter, 1971 ; Braude&Newport, 1973) , arelationship between maximum NR and W can be derived (Fig. I) . I n agreement with findings that there is a decreasing intensity of many measurements of protein metabolism as the size of the species increases (Munro, 1969) , and a decrease in the rate of total body protein synthesis with age in man (Young, Steffee, Pencharz, Winterer & Scrimshaw, 1975) , maximum potential N R in the pig decreases with W.
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The curve shown in Fig. I is described by the grafted function (Fuller, insufficient published information to enable a precise description of the curve for each sex. It is likely that similar differences occur between breeds and strains.
Allowing that sex and breed will cause variations, the function given in equation (4) is an estimate of the upper limit to N R in pigs. Thus assuming that total obligatory N losses are approximately constant with age when expressed as a function of W0.75, NR in the pig must always lie beneath the curve in Fig. I Fig. 2 suggests this to be so for pigs varying from infancy to almost mature body size.
The maximum N R defined by each curve in Fig. z should coincide with the maximum potential NR described in Fig. I , for a pig of corresponding W. However, energy supply can limit protein deposition and therefore energy intake may impose a limit on the N R achieved (Heard, 1964; Munro, 1964 ; Kielanowski, 1967; Payne, 1972) . Under these circumstances the curve for NR ZJ. N intake ends at a point below its maximum, which is determined by the severity of energy insufficiency (Miller & Payne, 1964 (Kielanowski, 1967) .
Under controlled feeding regimens increases in N intake greater than that needed to support maximum NR, whether this be determined by W or energy intake, result in decreases in the rate and efficiency of gain (Agricultural Research Council, 1967; Chamberlain, 1972; Rtrat, 1972) . These decreases reflect the decrease in the proportions of the digestible energy (DE) represented by metabolizable energy (ME) and net energy, as an increasing proportion of DE is provided by protein rather than nonprotein sources (Klieber, 1961; Leroy, 1965 ; Thorbek, 1969b ; Whittemore i k The slopes of the curves for N R ZJ. N intake (Fig. 2 Davies & Lucas, 1972) . There is no published information which allows the effects of these variables on the relationship between N R and N intake to be described quantitatively. With respect to protein quality, the approach of the FAO/WHO (1973) for humans could be adopted for pigs, using current recommendations for amino acid requirements as a basis for describing an operative reference protein.
E S T I M A T E S O F P R O T E I N R E Q U I R E M E N T S
Maintenance. I n order to facilitate estimation of the N requirements for maintenance (N,), the relationships shown in Fig. 2 were recalculated using g/d as the unit of N intake (Fig. 3) , the intercepts on the N-intake axis (NR = 0 ) then providing estimates of N , for pigs of various W. These estimates are presented in Fig. 4 . The regression line fitted through the origin to these values is described by equation ( From this estimate of N,, and the proposed value for obligatory N losses presented earlier, the efficiency of N utilization for maintenance is 0.61 (0-150+0~246). This compares with an efficiency of utilization of ME for maintenance of 0.60 (Kielanowski, Using a value for N , of 0.246 g/d per kg W0'75, estimates of the maintenance requirements for N and crude protein (CP, N x 6.25) for pigs varying in W from 5 to 160 kg can be calculated (Table I) .
Since the relationship between W and ME requirement for maintenance (MEJ 
both N , and ME, are apparently proportional to metabolic body size. ( 1 974).
as a constant with age or W. The constants in equations (5) and (6) suggest that the required value is approximately 3-2 g/MJ.
Production. The relationship between the gross efficiency of dietary N utilization (GNU; N R + N intake) in the pig and W (kg) has been described by equation (7) (Whittemore & Fawcett, 1974) :
This equation gives values similar to those of Homb (1972) (4) and (7) the N intakes required for maximum NR in pigs of various W can be calculated ( equations on which these estimates of N intakes are based are relatively few, and therefore the estimates themselves must be regarded as approximations, it should be noted that the food intakes providing these requirements agree closely with respective current recommendations for dietary CP contents (UK) Agricultural Research Council, 1967; (US) National Research Council, 1973) derived by more conventional methods. Table 2 also indicate that maximum NR and N requirement to achieve this vary parabolically with age or W; the requirement increasing to a maximum at 80-100 kg W (coincidental with a peak in daily NR) and subsequently decreasing, Using the estimated daily N requirements (Table z) , estimates of the daily ME requirements of pigs growing from 20 to IOO kg at an average rate of 700g/d (Kielanowski, 1972) and estimates of the ME requirements of early-weaned piglets (Agricultural Research Council, 1967) , CP:ME requirements of pigs of W (kg) from 5 to IOO can be estimated ( Table 3) . As the requirement for protein in the diet decreases with increasing W (Table 2 ) , so CP:ME for maximum NR tends to decrease (Table 3) . If CP : ME required for maintenance remains constant with age, at about 3-2 g/M J as estimated previously, the requirement for maximum NR must decrease to this value at mature size. With a value of 3.2 g/MJ at maintenance, it is clear from Table 3 that with the probable exception of the mature animal the desired CP: ME increases as energy and protein intakes increase above maintenance. amino acid requirements of restrictedly-fed pigs cannot be described precisely in the customary manner, as percentages of the diet or as amounts expressed per unit of dietary energy, unless energy or food allowances are specified.
Values given in
The information from which the curves for NR o. N intake were obtained (Figs. 2,3) can be used to determine the relationship between N intake and both GNU and NPU ((NR-t total obligatory N losses) + N intake) for various values of W. For pigs these relationships are shown in Fig. 5 for six values of W ranging from 2.5 to 191 kg.
Evidently GNU varies curvilinearly with N intake and the nature of the relationship is influenced by W. Fig. 5 confirms that GNU decreases with W as predicted by equation (7), but that the magnitude of the decrease can be influenced by N intake.
The values for GNU at the highest N intakes, taken from Fig. 5 , agree quite closely with the corresponding values calculated from equation (7). The apparent maxima in GNU must be interpreted cautiously since they are artifacts of this method of description, which by definition results in zero values at maintenance, whereas the estimate of the true efficiency of N utilization (i.e. NPU) at maintenancegiven previously was 0.61. Similar comments apply to any index of efficiency, such as protein efficiency ratio (Jacquot & Peret, 1972) , which involves measurement only of gains above maintenance.
Results shown in Fig. 5 (Payne, 1972) , it seems that this effect may be uniform over a wide range of W.
C O N C L U S I O N S
It is clear that the relationships between NR, N intake and W follow well-defined patterns in pigs of the same genotype and endocrine status, but are modified by factors such as energy intake, protein quality and sex. Probably other factors such as breed, food deprivation, compensatory growth, feeding regimen, ambient temperature and stress also influence these relationships. However, it is probable that within these limits the relationships referred to in this paper are the major determinants of protein requirements and of the responses of pigs in the important production criteria to variation in dietary protein status. It would therefore seem important to be able to define these relationships more precisely than is possible at present. Of prime significance is the need to verify the quantitative relationship between NR and W (Fig. I) , to determine the influence of sex (and genotype if warranted) on this relationship and to determine the associated N intakes of a reference protein. From such basic information, it should be possible, using available estimates of obligatory N losses and N,, to derive NR response curves for different W to variation in protein intake and quality which would be idealized versions of those shown in Figs. 2 and 3. Such curves would provide the basis for subsequent determination or calculation of protein requirements (as indicated in this paper using the limited information available at present), desired values for CP: ME, food allowances and production responses.
Information presented here suggests that the classical indices of protein quality, such as BV or NPU, are unlikely to be influenced significantly by variation in either W of the test animals used, from infancy to almost mature size, or N intake at approximately maintenance. In contrast, measures of the efficiency of dietary protein utilization which are used frequently in farm animal nutrition, for example GNU, and which are based only on gains above maintenance, are influenced considerably by variation in each of these factors. Consequently care should be taken in their interpretation.
